Abstract In this study, new complexes with formulae: Ce(4-bpy)(CHBr 2 COO) 3 ÁH 2 O, Ln(4-bpy) 0.5 (CHBr 2 COO) 3 Á2H 2 O (where Ln(III) = Pr, Nd, Sm; 4-bpy = 4,4 0 -bipyridine) and Eu(4-bpy)(CHBr 2 COO) 3 Á2H 2 O were prepared, and characterized by chemical and elemental analyses, and IR spectroscopy. The way of metal-ligand coordination was discussed. They are small crystalline. The complexes of Pr(III), Nd(III), and Sm(III) are isostructural in group. Conductivity studies (in methanol, dimethylformamide, and dimethylsulfoxide) were also performed and described. The thermal properties of complexes in the solid state were studied using TG-DTG techniques under dynamic flow of air atmosphere. TG-MS system was used to analyze principal volatile thermal decomposition and fragmentation products evolved during pyrolyses of Ce(III) and Sm(III) complexes in dynamic flow of air atmosphere.
Introduction
This article is a continuation of our earlier research on lanthanide complexes with 4,4 0 -bipyridine (4-bpy) and halogenoacetates. The rare earth compounds containing halogenoacetates have been studied by many authors. They consider mainly the metal-ligand coordination and magnetic behavior. The mixed-ligand complexes of some lanthanides with 2,2 0 -or 4,4 0 -bipyridine and chloroacetates are known, but with only scant information concerning their thermolysis. Several notes of discussed compounds containing halogenoacetates have been summarized in [1] [2] [3] .
Our resent investigation related to mixed-ligand lanthanide complexes with 4-bpy and di-or trichloroacetates. We obtained compounds of general formulae: Ln(4-bpy) n (CHCl 2 COO) 3 ÁmH 2 O [1, 2, [4] [5] [6] [7] and Ln(4-bpy) n (CCl 3 COO) 3 ÁmH 2 O [1, 3, 8, 9] in series Ln(III) = Y, La ? Lu (without Pm). They were characterized by elemental analysis, molar conductivity, and IR spectra. Their thermal behaviors were also studied. The way of metal-ligand coordination was discussed. The chloroacetate groups link with rare earth elements in many different ways. In case of La(III) [4] and Sm(III) [5] compounds, dichloroacetate groups coordinate as chelating tridentate and bridging ligands, and in other compounds [2] as bidentate chelating and monodentate ions. In all compounds 4-bpy joins with lanthanide by one nitrogen atom (only in complexes Er(III), Tb(III), and Lu(III), also half molecule of 4-bpy lies in outer coordination sphere [2] ). In the literature, there is not much information about lanthanide complexes with bipyridine isomers and dibromoaceates. Thermal studies of compounds with empirical formulae Ln(2-bpy) (CHBr 2 COO) 3 ÁmH 2 O where Ln(III) = Nd, Er were characterized in [10] . In one of our previous articles, we have described preparation and some behaviors of La(III) and Y(III) complexes with title ligands [11] . In this work, we present the synthesis, some physicochemical properties, and thermal studies of new compounds of light rare earth elements with 4-bpy and dibromoacetates. These studies of lanthanide(III) complexes with 4,4'-bipyridine and halogenoacetates allow us to determinate the influence on the kinds of forming complexes, their properties, and thermal decomposition dependent on the type of halogen atoms in carboxylates. The carbon, hydrogen, and nitrogen contents in the prepared complexes were determined using a Carbo-Erba analyzer with V 2 O 5 as an oxidizing agent.
Methods and instruments
IR spectra were recorded using a NICOLETT 6700 Spectrometer (4000-400 cm -1 with accuracy of recording 1 cm -1 ) using KBr pellets. Molar conductance was measured on conductivity meter of the OK-102/1 type equipped with an OK-902 electrode at 25 ± 0.5°C, using 1 9 10 -3 mol L -1 solutions of complexes in methanol, dimethylformamide, and dimethylsulfoxide. The thermal properties of complexes in air were studied by TG-DTG techniques in the range of temperature 25-1000°C at a heating rate of 10°C min -1 ; TG and DTG curves were recorded on Netzsch TG 209 apparatus in flow of dynamic air atmosphere v = 20 mL min 2 ). The X-ray powder diffraction patterns of synthesized complexes, and final solid decomposition products in air were recorded on D-5000 diffractometer using Ni-filtered CuK a radiation. The measurements were carried out in the range of 2h angles 2°-80°. The obtained results were analyzed using the Powder Diffraction File [12] . Table 1 presents results of the elemental and chemical analyses of the investigated compounds. They are stable in air in solid state. Single crystals of the investigated complexes were not obtained. The analysis of the X-ray powder diffraction patterns of these compounds reveals that they are small crystalline products and complexes of Pr(III), Nd(III), Sm(III) are isostructural in group. The X-ray powder diffraction patterns of the obtained complexes are not in Powder Diffraction File [12] . Figure 1 presents the X-ray powder diffraction patterns for complexes Ce(III), Pr(III) (as an example of isostructural group), and Eu(III).
Results and discussion
The molar conductivities values for complexes in MeOH, DMF, and DMSO are given in Table 1 . All complexes in MeOH and DMF display behaviors intermediate between those of non-electrolytes and 1:1 electrolytes. In DMSO they are electrolyte type 1:1 [13] . In series of lanthanide complexes Ce(III) ? Eu(III) with 4-bpy and dichloroacetates, the molar conductivities in solutions MeOH, DMF, and DMSO have similar values [6] . Relatively low molar conductances in MeOH and DMF are characteristic for all the complexes compared. They dissociate only to a limited degree in these solutions. IR spectra
IR spectra of the all fine-crystalline solids show several absorption bands in the region characteristic for dibromoacetates and 4-bpy (Tables 2 and 3 has been assigned to the vibration of m s (COO) for all complexes. Using the magnitude of Dm as spectral criterion [16] for determination of mode of bonding carboxylate groups in the obtained compounds, suggest that dibromoacetates in series Ce(III) ? Sm(III) act probably as monodentate ligands. The splitting of m as (COO) band exists in the spectra of Eu(III) compound is probably caused by formation of noncompletely equivalent bonds between Eu(III) carboxylate groups ( and at 1150 cm -1 , respectively. The absorption bands of m(CH) are in the sodium salt at 3015-1191 cm -1 , in the complexes they are in the ranges: 3023-2997 cm -1 and 1193-1186 cm -1 . Most bands in the IR spectrum can be attributed to the vibrations of 4-bpy. Their position and tentative assignments for the obtained species are made and given in Table 3 . The infrared spectrum of free 4-bpy undergoes a chance upon coordination. The observations were made for 4-bpy absorption in the region 4000-600 cm In addition, a broad band in the water stretching region (ca 3450-3350 cm -1 ) appears for all the described complexes.
Thermogravimetric data in air
The TG-DTG methods were used to describe of thermal decompositions of the obtained complexes in air atmosphere. These thermolyses are complicated and difficult to interpretation. Decomposition of all compounds is multistage and overlapping processes. The first step of pyrolysis is dehydration. When the temperature rises, decomposition of organic ligands begins, and several unidentified solid products are formed. Finally, decomposition products correspond to the suitable oxides. In general, the lines observed for CeO 2 and Ln 2 O 3 (Nd, Sm, Eu), Pr 6 O 11 correspond to those reported in Powder Diffraction File [12] . Figures 2, 3 , and 4 show profiles of TG and DTG of complexes of Ce(III), Sm(III) (as representative specie of isostructural group), and Eu(III). Results of thermal analysis are presented in Table 4 .
Ce((4-bpy)(CHBr 2 COO) 3 ÁH 2 O begins to decompose at 75°C. It is associated with release water molecule (mass losses calculated 1.87 % and found 1.9 %.). Decomposition of In the case of Sm(III) compound, the dehydration process occurs in two steps. At 75°C, one water molecule is released. The second water molecule is not very well seen on TG curve, and so it is not interpreted. In the temperature range of 180-925°C, further thermolysis of this specie is observed with DTG peaks occurring at 220, 250, 715, and 800°C. Final solid product of decomposition is Sm 2 O 3 .
The complex Eu(4-bpy)(CHBr 2 COO) 3 Á2H 2 O loses 1 mol of water above 65°C. Next, in the range of 165-185°C, the last water molecule is eliminated. When the temperature increases, the partial and total destructions of organic ligands take place. The DTG curve exhibits peaks at 205, 250, 410, 500, 650, and 750°C. Horizontal mass level for Eu 2 O 3 begins at 900°C.
TG-MS study for Ce(III) and Sm(III) complexes in air
To analyze the principal volatile products evolved during the dynamic thermal decomposition and fragmentation processes of Ce(III) and Sm(III) complexes, a couple TG-MS system was used. The determinations were carried out in dynamic air atmosphere.
For Ce(4-bpy)(CHBr 2 COO) 3 ) are observed at 235 and at 360°C, respectively. The evaluation of all gaseous products is terminated at about 400°C. TG-MS data of select ion currents of decomposition for Ce(III) compound is shown in Fig. 5 .
In contrast to the Ce(III) compound, emission of the principal volatile product during thermal decomposition and fragmentation processes for the Sm(III) compound comes to an end at about 900°C. (m/z = 15) was monitored at 250°C. The mass spectrometer detected also the traces of amounts of fragments m/z = 60. Figure 6 presents correlation of some ion currents on TG curve of Sm(III) complex in air atmosphere.
Conclusions
On the basis of the present and previous results [4] [5] [6] [4] [5] [6] , the specie of Pr(III) is the least thermally stable. It starts to lose water molecule at 80°C, where the most stable compound is Eu(4-bpy) (CHCl 2 COO) 3 ÁH 2 O (100°C). In the case of lanthanide compounds with 4-bpy and dibromoacetates complex of La(III) [11] is the most stable because its dehydration begins at 100°C, whereas Y(4-bpy) 1.5 (CHBr 2 COO) 3 Á3H 2 O (55°C) [11] is the least. In general, the obtained results suggest that species including dichloroacetate ligands are 
